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Application No. 09/828,217 

Reply to Office Action of May 29, 2003 

REMARKS/ARGUMENTS 

Claims 11-13 are pending in this application. 

Claim 1 1 recites that "the antibody has a positive reactivity against myeloid cells." 
The fact that the antibody of the present invention has a positive reactivity to myeloid cells is 
shown in Table 1 in the specification of this application (see column of RS38, in the column 
of Myeloid in Table 1 of the specification). Claims 12 and 13 correspond to Claims 9 and 10, 
respectively. 

The rejection of Claims 8 and 9 under 35 U.S.C. 102(a) over Goto et al. 1992 in view 
of WO 98/35698 is believed to be obviated by the amendment submitted above. Goto et al. 
do not disclose the antibody recited in Claim 1 1 . 

Goto et al. do not disclose whether or not the HMl .24 antibody has a positive 
reactivity against myeloid cells. However, an article published by the same authors, Goto et 
al. Blood, Vol. 84, No. 6, 1922-1930 (1994) (Goto et al. 1994), a copy of which is submitted 
herewith, discloses the properties of the HMl. 24 antibody, which is same antibody described 
in Goto et al. 1992. 

In particular. Goto et al. 1994 discloses that the HMl. 24 antibody does not exhibit 
any reactivity against myeloid cells, such as acute myeloblastic leukemia and chronic 
myelogenous leukemia and so on (see reactivity of Anti-HMl.24 in Table 1 at page 1924 of 
the reference). 

Accordingly, Goto et al. 1992 fails to disclose the claimed antibody. Withdrawal of 
this ground of rejection is respectfully requested. I 



4 



Application No. 09/828,217 

Reply to Office Action of May 29, 2003 
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A Novel Membrane Antigen Selectively Expressed on Terminally 
Differentiated Human B Cells 

By Teisuya Goto. Stephen J. Kennel, Masahiro Abe, Mekoto Tekishrta, Masaaki Kosaka.. 
Alan Solomon, and Shiro Saito 



A monoclonel «niibody (MoAb) thet define* a novel terminal 
B>celt- restricted antigen, termed HIVI1^4^ was developed 
figainst a human plasma tell llae. The MoAb. desfgnaTed 
antj-Hrvn^4, reacted with five different human myeloma cell 
ITneSr well ds with monoclonal neoplastic plasma cells 
obtelned from the bone marrow or peripheral t>Eood of pa- 
■tients wjth nr»uttiple myeloma or WaldensUom's macroglob* 
ulinemia. The HM1.24 antigen was also expressed by mature 
Ig^secreHng B cells (plasma cells and lymphoplasmacytoid 
cells] but not by other cell« contained In the peripheral 
bloody bone marrow, liver, spleen, kidney, or heart of normal 
individuate or patients vWth non-plasma*cell- related malig- 

YyUMAN B CELLS mature joto anli body-producing 
JLJL plasuia cells through a number of stages defined by 
distinctive; phcnotypic maricfcrS- The icnninaj stage of B-ceU 
differejiiialion u reco£ni7xd by the acquisition of cyto- 
plasmic Ig (cig) and the loss of such common B-ccU antigens 
as surface Ig. HLA-DR. CD20. and Fc receptors and Ca 
receptors,* 

Although several monoclonal antibodies (MoAbs), includ- 
ing anti-PCA-1,^ anti-PC-1,' and MM4/ have been re- 
ported to detect pi as ma-ccll- associated membrane antigens, 
ant5-CD38 MoAbs were still used for the detection of plasma 
Cells and myeloma ceJJs even in recent studies^**" because of 
their consistent and strong reactivity. TJje anii'CD38 MoAbs 
might be useftil tools for the immimophrnotyplng of plasma 
cells, providing that multiparameter flow cytometric analyses 
were used to ensure the precise targeting However, 
CD38 is an activation -associated, rather than different) a ti on - 
dissociated, antigen, lacking lineage restrictions,'* found on 
a variety of cells. Moreover^ this antigen is Strongly ex- 
pressed on lineage-committed hematopoietic progenitor 
cells." v/bcrcas it is not present on certain lyftjphoplasmacy- 
toid tumor cells.' For these reasons, CD38 may not be a 
suitable target antigen for Ihc study of hurrjao B-cell matura- 
tion and immunotherapy of plasma eel) dyscrasias 
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nancies. The onti-Hrvn.24 MoAb bound to human myeloma 
RPMI 8226 cells with en affEnity constant of 9,2 x lo* nfl-\ 
indicating -84,000 sHes/c«ll By I mmun bp re ciprtetl On assay 
under reducing conditions, thi* MoAb identified a mem- 
brane glycbprotem that had a molecular weight of 28 to 
33 kD. Our studies indicate that the HMl^4-related protein 
represonte a specific marker of late-«tage B-ceH maturation 
and potentially serves 8S a target antigen for the immuno- 
therapy of muKiple myeloma and related plasma cell dyscra- 
sias. 

© IBBd by The American Socfefy of HemaxolOQy, 



To identify a sx>*<^ific marker of terminally differentiated 
B cells » we prepared a series of MoAbs against a plasma 
ceU line, designated KPC-32. The present rcpon describes 
the characterization of one such MoAb that idcndfies a novel 
membrane antigen, HMl .24, selccdvely expressed oo Icmii- 
nally differenti<»lcd normal and neoplastic B cells. 

MATERIALS AND METHODS 

Human cell lines. Epstein Barr vinis-nucictu' Qmigcn (EBNAV 
ncgarjvc plasma^cclI lines KPC.32 and MHB. and a bile duct-adeno- 
cardnama Jmc GBC-YO were estabUshed Jn our laboratory The 
KPC-32 ccU line was originated Jtom the boro: marrow of a male 
lapanRse patient with multiple myeloma." The cells had typical 
plasmacyioid morphology aiid produced cytoplasmic X light chains. 
Interleukxn-lj? (EL-1^. IL-2, 11^6, tumor necrosis factor-* (TNF- 
a), and interfcron-y a^N'T) were not detectable in the cuUure xupcr- 
nauni Qf tbc cells by enzyme'linkcd immunosorbent assay (ELISA) 
and their growth was independent of IL-6. Plasma-^11 line K737" 
was kindly provided by Df Canxicn B Lozado (Umvei^sily of Tennes- 
see Medical Center, Kno^vjUe. TNX The following ceU lines were 
obuiined from the JHpancsc Cancer Research Resouices Bank 
(Tokyo, Japan): plasma cells K!»MI 8226. lymphoblautoid ccIIe IM- 
9 and HS-Sulian (derived from patients with myeloma), Haji and 
Daudi (Burkitfs lymphoma), 'GEM and Moll-4 (T-crJ] leukemia). 
KG-1 (acute myeloblaasdc leukemia), KUS 1 2F (chronic myelogenous 
leukemia), X562 (erythrokukcmia), THP-J (monocytic leukemia). 
U937 (histiocytic lymphoma), WiDr (colon adcflocaicinoma), Lu- 
)34-A-H (small cell lung caicinoTinO. and A-172 (gliublaxtoma). 
U266 (plasma cell) and MCI 16 (B-ccll lymphoma) cells were oh- 
lainrd from the American Type Culture Collection (KockviUe. MD). 
These cell lines were maintained in culture containing fi 1:1 mixture 
of llum*« F-J?. medium and Dulbecco's modified Eagle's medium 
supplemented with 10% fetal calf strum (PCS; Wliiiiakcr Biopro- 
ducu. Jnc, ■WalJcer3viUe^ MA), innjlin <2 mg/U), transferrin (2 mg/ 
lO, ethanolamine (0.17^ mg/L), and sodium leleniic <9.M n^/L). 

H umon specimens, Fcriplieral blood mononucico f cells (PBMC) 
and nucleated bone mncrow Cclfct were obtained by FicoU-Paijuc 
(Pharmacia LKD Biorcchnology, Uppsala, Sweden) density gradienl 
cenm'fugau'On from healthy volunteers and used Immediately. The 
cell samples from the patients were cryopreserved in —196"^ vapor- 
phajc liquid nilrogcn with FCS containing JO* dimcthylsulfoxide. 
Binpsy/sutopsy lis.'cijcs. were kept at -70"C ai snap-frozCn blocks 
and used to prepare sections at the rime of experiments. TIjc frozen 
Accrions were fixed with acetone for 10 minutes at room leapcrature 
and cir-dried thoroughly before suining. All proceduies involving 
human specimens were performed accordiriis to the protocol ap- 
proved by the insiilutional jeview board foi human proiection. 
Preparation of MoAbs. Specific pathogen-free BALB/c mice 
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ANTIGEN ON TERMINAL B CtLLS 



Rg 1. Two-color flow cyto- 
metric anatyvf*. S^rtnplfe* w«re 
stained dirttctty with FTTC'^onju* 
gai^d »rttT-HM1^4 In combina- 
tion wfth PE-eon$ugat«d MoAb« 
to other surf6ce merkers. To de- 
termine ncgotive re^ion^r «o- 
type-matched controls from the 
same sourcie* or* opposhft-light 
chain contrtris w«re stwsys rvn 
for each sample. Overlap of 
^mtirfon VROctr? cpm pen- 
sated for electronicalty wfth use 
of appropriate control samples. 
iA} Exprc«vion of hM1J£4 and 
CD38 on hunrtan cell lines and 
corre^pofMllng lymphoid maOg- 
nandec lWiU« non-Hodgt^in's 
lymphoma; DSC, diffuse spnaH- 
cteaved cell; LB, lymph obis sllc 
lymphpma|. (B) Cocxproscfon 
pattern of HM1.24 and other dif- 
ferentiation merkers on circulat- 
ing tumor cells from o pctlcnt 
wfth Waldenrtrdm's macroglob- 
ulinenua. To Identrfy coeicpres- 
sioh of HM1^4 anttgeti -and cytO- 
plwmic light chain, cells were 
reacted with FITC-anti-HMl^4 
In PB$/Ca$ whhout y-globuibi, 
wwhed whh PBS, and fixed wfth 
2% paraformaldehyde in PBS at 
room Icmpcrvturc for 15 mi- 
nutes. The cells were washed 
and fbced again wfth ice- 
cold vthanol for 5 minvtes. After 
washing, the cells were resus- 
pended In PBS/G$ combining 
OJZB% Tween 20 and stained 
WTlh ofTinity-purfficd PE-F(fib 
fragments of poat amihuman h 
or X antibody (T^qo). The fluo- 
rv»cencs intensity of FTTC'-pnti" 
HM1.24 was Umlted to aonne ex- 
tent by the ethsnol fixation. 
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{CharJcs-River Alsusi, Japan) were immunised wiih six biweekly 
intrapcritdncfll (IP) injection of I X JO"* intnct XRG:-e32:.-pIasmn cells. 
T'hru days before ihc cell fusions, selected animals received a final 
bog^tcr cf J.5 X JO' KPC-32 ccll$ by intrasplcnic injection * Fusion* 
of immurvc spleen cells &nd rnycloma cells were conducted 

by the method of dc $t Groth and Schcldc^ser.'* Hybridomas were 
primarily screened for antibody production by the Fl ISA M&in% 
plates coated with intact KPC-32 cells as described belOw. To ex- 
elude hybridomss secreting antibodies &£[alnsi Is deicnntnanu. the 
positive supematants Were preabsorbcd with pooled human serum 
atid screened by ELISA for their rcnclivily 10 oUiCr Cell lioes. Se- 
lected hybridoma5 were cloned and tesicd by flow cyiomeuy agaia&t 
various cell lines and human specimens Finally, selected clones 



were recloned twice nnd injected inirspcritoncaily into pristanc- 
primed BALB/c mice and the ascitic fluid harvested." The sub- 
classes of MoAbs were determined by EL2SA with subchiss-xpccific 
rabbit-ontimouse aniibodies (Zymcd. San Francisco, CA). The 
MoAbs were purified from ascites by ammonium sulfate pj«dpiia<> 
{ion~ and b protein A-affinity chrOfnntogr^iphy kit (Aiapure PA; 
Amcrsham Japan, Tokyo, Japan). Purified MoAbs were coupled with 
fluorescein isolhiocyanaie (FTTC) using a Quick Tag JTTC cot\)V^S' 
lion kit (Boehringer Mannheizn Indianapolis, IN) accoixJIn^ to the 
manufflcturcr's insiruciions. 

€USA. An ELISA techm'que using intact target cells described 
by Pospcr ci wa* used for screening antibody acriviry in hybrid- 
oma culture wipcmatants. Briefly > target cells in 50 mL of 




Table 1 ReaiTlfvlty of AAtVHMl^4 Against MsTignanX 
HftmatopoUOc Cells 

F^«»eiivitv of Tumgr 
Cells- 





No. of 
Samples 




AntI-CD38 


Multiple myetoms 


12 




+ + 


Rasnia cell leulfemio 








Macrog[obu;inemia 


2 


+ 




B*cell non-Hodgldn'e tymphoma 


5 






B^ell chronic lymphpcytic Icwkirmja 
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0 




C0 19* acute iymphoblasiic 
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+ ~ + + 


T-cell lymphoblastic lymphoma 
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0 




Acute myeloblaslic leukBfnla 
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+ 


Chronic myelog^novs leukemia 
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*■ As deiernriinctf by flow cytofnei/y. 0, negative; ±. we ale (NHL In Fig 
V: moderate (msCTDglobulinemia in Fig 2h strong tmyelome in 
Fig V: ND. not decernnined 



phosphaie-buEfercd itLline (PBS) were dispensed lO each well of 9&- 
wftll plai&s (U-bocomcd; Coming, Iwaki Glass Co, Tokyo. Japan). 
Afttr blocking wiih 19& bovine serum albunun (BSAJ/PBS. incuba- 
tion with supcmsrants was performed at 4»C for 2 hours, followed 
by a pero^idase-labclcd goat antimousc 1^ antibody (Zymed) at 4*C 
for ] T>ouf and CHphtnylcncdiflmine subsmitc solution fSumjiomo 
Bakdiic. Tokyo. Japan) m room tcmperarufe foi* 30 minutes with 
washing in between- Color development waj terminated by addition 
of 2 N sulfuric acid and the reaction measured at 492 nm using an 
ELISa reader (Sio-Rad. Richmond, CA). 

r^cw cytometry and celt sonlug. Hybrid oma$ were initial I y 
screened by an indirect immunpfinQrescence technique. AllqiiOtS of 
1 X 10" taiget cells were resuspcnded :n 0-5 mU of PBS containing 
2% normal goat serum, 0-02% sodium azidc (PBS/GS), and 7.5 rag/ 
mL of human y-globulin (^Gnccn Cross Co, Osaka. Japan) to block 
Fc receptors. After 15 minutes, each cell sample was incubated with 
OJ mL of hybridoma supernatant ai 4*C for 1 hour. The cells were 
washed with PBS/GS and. stained with FTTC-conjugated F<ab')i 
fragments of goat amimouse IgOCH+L) antibody (Taso Inc, Burt» 
ingacne. CA) at 4*C for 30 minuiei. After washing, the celU were 
analyzed Oft a FACScan figw cytometcr (Bccton Dicldnson Iminuno- 
Cylomctry Systems, San Jose, CA), For direct fluorescent Staining, 
we prepared FlTC-COiuugated antt-HMJ.24 (the molar ratio of fluo- 
rescein to protein was 1.32) and purchased phycocryihrin (PB)-con- 
jugated MoAbs CD3 (anti-Leu-4). CD 19 (anii-Lcu-12), CD30 
{antJ-Leo-ieX and C038 (anti-Leu- 1 7) from Becton Dickinson; 
and P£-conjugated MoAbs CD 10 (anii-J5) and CD21 (anti-B2) from 
Coulter Diagnostics (Hialeah, FL> In sorting experiments, nucleated 
bone marrow cells were directly stained with FlTC-anii'HML24 
(without the 7-globulin btockingj, the positive cclla were soned on 
EPICS-CS cell sorter (Coulter), and cyiospin slides of each sort were 
prepared. The slides were suined with Wright-Gicmsa stain or fixed 
with acetone end siain«d for cytoplasmic light chains with bioiiayl- 
ated MoAbs to human k- or X-chains made in our laboratory.** The 
bound MoAbs were detected by ABC- peroxidase reagents (Vector 
Laboratories. Burlingaroe, CA). Five hundred ccHs were examined 
for the morphology and the presence of cig in each slide. 

ImmuiiocytochEmiiiry <utd imtnunohisiochemijiiy. The immu- 
nopcroxidase or alkaline phosphatase techniques (Veciastaln ABC 
kit; Vector) used to examine the reactivity of anii-HMi.24 with cells 
In the cytospin or tissue specimciu were .desciJbed previously.^ 

Pokesvced mitogen (PWM) treatment 0/ PBMC In vitro. PBMC 
from healthy volunteers (n s. 3) were cultured in the presence of 5 
pg/niLPWM (Sigma Chemical StLouil. MO) al 1 y 10* cells/mL 
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and harvested on days 0, 3. 5. and 10. Expression of HM 1.24 ami-en 
and other surface mTirkers on the stimulated PBMC were analyred 
by rwo-color flow cytometry. 

OviLCt MpAb l?in4ing» PuriAed anu-MMl ,24 wes radioiodinated 
with '^r using litniting aniooat of chloraminc T and funbei purified 
by f.el filtration on Ulirogel AcA 34 (Pharmacia) in the presence of 
5 mg/mL BSA,=" Intact target cells (RPMI 8226, MHB, IM-9. and 
THP-l; J X 10* cells in PBS) were exposed to scriaUy diluted '"I- 
anii-HMl,24 for 1 hour at 4'*C After washing, bowtid anti- 
HM1^4 was quantitated in a gamnja scintiUaUon counter (Beckman, 
Brea, CA). The association constant of anti-HMl44 was determined 
by Scatchard pSots using nonlinear regression analysis. For specific' 
ity testing, Uie binding of '^l-axiii-HMl,24 (I /ig » 5.35 X 10* 
cpm) was competed for RPMI 8226 cen$ with a 2.S00-fa1d excess 
of unlabeled MoAbs anti-IiMl^4, and-CD38 (OKT-IO: Oitho Diag- 
nc;!k Systems. P,srltan. NJ), anti-PCA-l (CoulterX or MM4 (Wndly 
furnished by Dr Alex W. Tong. Baflw University Medical Center 
Dallas, TX). 

fmmunoprcCipitation. RpMI ^225 cells were surface-labeled 
with earner- free using lacioperoxldase as described previously." 
After labeling, the cells were washed and soiublUzcd by sonicaiion 
in lysis buffer (PBS containing 5 mgAnL BSA, 0J9b Noiudet P-40, 
1 mmol/L sodium azide, and 0.0OS% phcnylmethylsulfon/1 fluoride). 
The ccll-lysBtc was clarified by cenuifugation for 1 hou/ ai 100,000;, 
precleazed with normal mouse IgO and antltzwuse secondary anti- 
body (CappeNOfganon Tcknika Co, West Chester, PA), and served 
as the substrate for the specific iramunoprecipltalioo with the and- 
HML24 MoAb- Imnumoprccipiratjoa, sodium dodecyl sulfate-poly- 
Bcrylamide gel electrophoresis (SDS-PACE). and nutoradiography 
Were performed as described previously." 

RESULTS 

Production qf MoAhs. KPC-32 cells were used for Ihc 
inununizatioD^ because these cells lacked IcnOwn sozfacc 
markers, including surface Igs. CD3, 10, )lb, 13, 14. 15. 
19. 20, 2U 22. 24, 33, 4 la. 56. and HLA-DR. cxw^t for 
CD38 and CD7 L After fusions with spleen CcUs from the 
immuDized mice. 141 of 2.304 cultures srsteencd wort found 
to react with the immuniziag cells but not with any Ig-related 
determinants. Subscrjucnt screening by ELISA showed that 
30 cultures contained MoAbs reactive with both iCPC-32 
and RPMI S226, but not with Raji, CEM. and THP-1, After 
cloning, supcmatants from these Cultures were tested ag^tinst 
other cell lines and noirnal PBMC Most of ihc 30 clones 
produced MoAb cross-rcacting with non-B-tcll lineage and/ 
or PBMC or with cytoplasmic detertninants present in ace- 
tone-fixcd cells. Only three clones were found to produce 
plasma-ccU- specific MoAbS, Because an MoAb of IgGj^-rt, 
designated anti-HMl,24, was most useful in flow cytometric 
analysis and had complement-nnediaied cytolycle acUvity . 
against RPMI 8226 cells, this MoAb was selecicd for further 
choracterizittion. 

Spectficiry oJaMi^MMl 24 on cell lines, Twenty-oac hu- 
man cell lines, including S plasma cell lines, representing 
vaHous stages of hematopoietic difTcrcndation or nonhcma- 
topoietic organs, were analyzed to evaluate specificity of 
anti-HMl.24 MoAb by direct immunofluorescence. The re- 
action of this MoAb was exclusively ag^nst B cells and, in 
particular, with plasma csHs (5 of 5 positive). Two Epslein- 
Barr virus-posUivc (JEBV^) lymphoblastoid myeloma-rt- 
Uied B-cclJ lines, IM-9 and HS'Sultan. showed higher levels 
of reactivity than did other B-ceJI lymphomo-derivcd lines. 
Unlike anti-CD38 anti-HMl 24 was unrcacUve with non- 
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rig' Z- Morphology of HMl^* c«ns tWright- 
Giems« stains; origin*! magnfficatton/ * 1,250). CctlA 
vvcrc separated by Epics C$ cell sortftr (i om th* bon« 
marrow ssmpht* of patients wilh (Al rhcum^toitf ar- 
thriiU; (B) IgGfc myalomo; «nd (C) IgGX myeloma. 
Most cells had 9 vi<£e<itric nucleus. clock-nUc du- 
pervcd chromatin, and bpsophilic cytoplasm with 
pannuttear cle9ring lyplcal ior plasma c«ll«. Lyin- 
phocytoid cells are Indicated by vttowb. Immunocy- 
to chemical demonstronion of eytopIasmV) X llpht 
chains in HtA\^** c^Hft from the ps1i«ni in I CI: (Dl 
DTTtWjc tMoAb; IE) ant^X MoAb; (F) rragaliv* control 
MoAb. (OrTQlnsI magnmcation x 420.) 
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B'CclJ lines and carcinoma linesL The fiuorescence-fntcnsity 
profiles using these rcaoents are shown in Fig lA. 

fiwctiviiy of anTi'}iML2^ tigaUist malignant hemitiopvi' 
etic cells. As indicaied in Table J, (he specificity of anli- 
HMl.24 MoAb was limiicd to myeloma and lymphoplasma- 
C3^0id cells. Additionally., (here were obvious differences 
in Ihc distribution on The cells of the HMl.24 and CD38 
dcterrrujiants (Fig } A). Plasma cells were both HM1„24* end 
CD38* (Fig 1 A. left). Certain phcnotypJcally wcll-differeDif- 
aied B-ce)I popolaiions (obtained by biopsy from patients 
with malijgnanl lymphoma) exhibited faint staining with the 
anti-HML24. whereas midsiegc and early stage B cells were 
unrcactJve (Table 1). In conirasi, anti-CD38 reacted with 
most of the malignant T and myeloid cells as well as with 
B-ccU malignancies 



Tutnor ccUs of Waldcnstruni's 0>acroglohulincmia may 
exemplify the B cells at late to tenninal phases of differentia- 
tion-"-" Analyses of such tumor cells (n = 2) by flow cytom- 
etiy involved usage of FlTCwanti-HMh24 in combination 
wiOi the other anti-B-ccil reagents and clgs. Representative 
two-color histograms of PBMC from « roacroglobulineroia 
patient who has circulating IgM-X* cells are presented in 
Fig IB. HMl.24* cells did not express CD 10 (a marlrer for 
pre-B and early stage activated B cells)** and CD21 (a 
marker for midsiage B cells** [not shown]), but partially 
coexpressed with pan-B -cell markers, CD 19 and CD20. Al- 
though the fluorescence intensity of HMl^ was impaired 
by the fixation, aJJ HMl.24'' cells strongly expressed cyto- 
plasmic IgM-X. These findings indicate thai HMl.24 is also 
expressed by tenninally differentiated B ccDs. 

The anti-HMl.24 MoAb was found to be unreactivc with 
most normal tissues^ including peHphcral blood, bone mar- 
row, reactive lymphnodcs» liver, spleen, kidney, and heart 
Small numbers of positive cells in the section of bone mar- 
row, lymph node, and spleen were identified as plasma cells 
based on morphologic features and the presence of cig. 

Sorting of HMl.24* cells from nucleated bone marrow 
ccD populations obtained from a patient with rheumatoid 
arthritis showed that 99-6% of the isolated cells had mature 
plasma-cell moiphology (Fig 2A) and conlamed cjg. 
HMl.24*" marrow cells from a patient with IgGn myeloma 
had immature plasma-cell features (Fig 2BX and the cells 
were 100% cig*. It was noted that the HM1^4* cells from 
another myeloma patient (IgGK type, ei an advanced clinical 
stage) vrtirc composed of plasma and lymphocyioid cells 
(Fig 2Q. These cells exhibited negative staining with the 
anti-K MoAb (Fig 2D) and positive (99.8%) with the ami-X 
MoAb (Pig 2E). Corresponding lyraphocytoid cells were 
r>irely seen among Ihc HMl.24* cells from reactive marrow 
of the rheumatic patienL 

Induction of HML24 antigen on PWM-stimulmed PBMC 
in viirp, Wc found that FWM, which induces teTminal dif- 
ferentiation of B cells in vitro.^ also influenced KM J, 24 
antigen expression by normal B cells. Cells cultured in the 
presence of PWM were harvested daily, stained with FITC- 
anii-HMU4 and PE-conjugated MoAbs <CD3, CD19. 
CD20, and CD38), and examined by flow cytometry (Fig 
3). After 5 days of culture, a group of CD38*HM1.24* cells 
was evidenced and consisted of CJD3* activated T cells. 
HMl.24* cells did not appear until day 10. Such cells were 
partly CD19* and CD38*, mostly CD20". and clearly CDS" 
(data not shown). Cytoplasmic IgM or IgG was delected by 
immunopcroxidase staining of cells contained in Die 
HMl.24* cylospin preparations (data not shown). 

Character izaiion of MM2.24 antigen. Antibody binding 
studies showed that maximum binding levels of *^I-Bnti- 
HMl.24 MoAb were higher on the plasma cell lines, RPMI 
8226 and MIJB. than on the IM-9 B-lymphobJastOid line 
(Fig 4 A) These data verify the results of flow cytonr^tric 
snaly.%s. The affinity constant and the maximum number of 
blading sites for anii-HMl.24 were calculated from the bind- 
ing curve using as reference standard the RPMJ 8226 cells 
(Fig 4B). Competition cxperimcnls indicate no significent 
inhibition of ihc '^J-anti-HMl.24 binding to RPMI 8226 
cells by anti-Cn3$s anti-KTA-l. or MM4 MoAbs In con- 
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irtiiU addition of the unlabejed antz-HMl.24 MoAb icKulted 
in complete inhibition of bindiofi (Fie '^C)* Thus, the epitope 
identified by antj"-HM1^4 on RPMI 5226 cells differed from 
those recognized by the other MoAbs. 

Anti-HMI^4 MoAb Specifically precipitated a diffuse 
band from '^-surface-labeled RP^41 8226 proteins (Fig 5A). 
The bsmd showed an apparent molecular weight (MW) of 
29 to 33 kD Under reduced conditions. Under unreduced 
conditions, the band migrated to higher MW of 56 lo 62 kD. 

DISCUSSION 

In this report, wc have described the production and char- 
acterization of an MoAb reactive with the terminal B-cell- 
associatcd antigen HMi.24. To avoid complicadon caused 
^Jy the presence of multilineage markers on fresh myeloma 
cells we selected a terminally differentiated B-ceU line 
(KPC-32) that lacked uzjdesircd immunodominant determi- 
nants, such as HLA-DR, surface Igs, and CTV-associatcd 
imtigeas* for the immimizadon. Flow cytometry was used 
on inlecl cells to eliminate MoAbs reactive with cytoplasmic 
fij^ugcns expressed by plasn^a cells, eg, rough endoplasmic 
TCticuluiti-associated amigcos' and bcI-2 proio-oncogcnc 
producL" 

In contrast to other plasma ce]]-a5Sociaicd antigens, 
CD38'^'* and PCA-1,* the antigen lecogniicd by the anli- 
HM1.24 MoAb and designaicd HMl-24 was not found on 
activated T cells X»r granulocytes. Additionally, cross* 
blocking experiments indicate that the epitope recogniied 
by the anii-HMl.24 MoAb is distinct from those r^cogniicd 
by other aoti-plasTna-ccU MoAbs, including anii-CD3fi, 
MM4, and anti-PCA-l. A human cell surface pan-epithelial 
glycoprotein encoded by Ihc hEGP3l4 gene is expressed on 
plajjma cell lines as well as on mosc epithelial cells and 
tumors.'' Similar patterns of shared reactivity with epithelial 
tissue and plasma cells has also been observed on six plasma 
cell-reaciivc MoAbs raised against RPMI 8226 cells ^* 'ITie 
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faa that ant3-HMI,24 docs not bind to various carcj-noma 
lilies^ including WiDr. which strongly expresses the pftn- 
epilhelial glycopTotciii» or to normal tissues indicaics that 
HM1.24 is not an epithelial cell-associated antigen. 

The results obtained by flow cyiometnc analyses on hu- 
man cell lines tcstedi as well as on normal and neoplastic 
tissues and PWM^siimulated PBMC, are consistent with the 
lineage- specific expression of J-lMl.24 on terminally differ- 
entiated normal and neoplastic B cells. These immunophcno- 
typing data suggest that the expression pattern of HM)^4 
is distinct from known CD antigens on the differentiation 
pathway of normal B cells," The terminal stage of B-cell 
differentiation iS accompanied by the acquisition of cig and 
ibe Secretion of Ig. Although most of the known pbcndlypic 
changes in this maturation process involve loss Of various 
membrane antigens, new membrane proteins can be ex- 
pressed. Although the function of HMl. 24 molecules re- 
maios Unknown, the expression of this antigen occurs con- 
comitantly with Ig secretion by ternninaljy differentiated B 
celii;, ie, lymphoplasmacytoid and plasma cells. Purification 
of the antigen using immunoaffinity chronvatography is Un- 
derway so that the molecules can be ideniificd and character- 
ized further. 

Immunoprccipiiation of '"I-labcled surface proteins with 
the anti-HMl.24 MoAb identified a di^TuSc band by sodium 
dodecyl sulfaie-poJyacrylamide gel electrophoresis (SDS- 
PAGE) at 29 to 33 kD under reducing conditions The prcs* 
ence of a higher MW band (56 lo 62 kD) in the unreduced 
sample would suggest that the HMl .24 prOiein forms a disuU 
fide-Unked homodimcr. Allcmatively, tiie diffuse band may 
represent nonidcntical subunits of a coftiplcx proicun. Most 
likely, the bajid consists of a group of identical proteins 
with different glycosylation patterns. Jn these respects, this 
phenotypic marker differs from oihcr characterized leuko- 
cyte-associated antigens. T7)e major histocompatibilily com- 
plex (MHC)-class n antigens represent glycoproteins of sim- 
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Fifi 5. Avtoradlograpliy of immunopr«c<phates wKh 9 mi- KM 1.24 
{lon9 1, reduced: and l9ns 4. unreduced). 9mI*HM1.43 f another 
p las nia-cell-r« active MoAb, Jane 2, ri»ducetU, and control motise JgCb 
{lan« S, redvicedK from ^l-bbdcd lysates of KPtM ccOs. Arrow- 
heads indicate the specific precip?tin bartd$ wKh srrti-HMl^ MoAb. 
Internal mol«cvil9r weTglTI merkM {Bio-RadJ included rviyci9in (200 
kO). S^chcrichfa co/f^-^aladoTidssa (116 kD}, SSA (6C kDh hen egg 
v/hhe ovalbumin (45 kD)^ and soyt>ean tryp^tn mhibrtor (213 kDK 



ilar MW (o that of HMl.24 but, in contrast to ihis epitope, 
are ^pressed on many ceU types. 

The results of cell-sorting experiments support tbc concept 
that HM1^4* celJs represent mature Jg-sccreiing cells. We 
have also identified HM1_24* lymphocyloid/lymphopjasma- 
cytoid cells in the bone marrow of patients with multiple 
nriyeloma or Waldenstrom's miicro^lobulJnemia, These cells 
presumably rcpreseni cifflicr fonns of the malignant plasma 
cclls.*^' iTie clonal involvement of early stage B cells in 
myeloma has been evidenced by ihe presence of pre-switch 
B cells bearing cloi^e-Spcdfic Ig variable-region tran- 
scripts."-*^ Because anti-HMl.24 MoAb docs not react with 
early stage B cells, the narrow reacUviiy spectrum of this 
h/IoAb may limit its usefulness cs a single reagent for immu^ 
noiherapy of myeloma.*^ However, because of tbc high-af- 
finity constant (—10* M"') of this MoAb, its IgGj. subclass, 
and Oit fact that it does not inhibit the £rowih of normal 
CPUs in vitro (u "published observation)* this reagent could 
be used to purge malignant celJs from the bone maixow of 
patients with multiple myeloma in combination with other 
B-iinea£e-specific MoAbs.**^' Fmiherraorc- the ability of 
anti-JJMl.24 MoAb to separa(e by soning malignant termi- 
nal B cells from earlier progenitor cells^ can help define 
more precisely ihc initial stages of malignant B-cel| Iransfor- 
maiion and identify factors that promote clonHl cvolutioa 
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In conclusion, wc have described an anti-plasma-cell 
MoAb that defines a novel B-lineage-resTrjcied antigen 
(HM1.24) selectively expressed on the surface of iciminally 
differentiated normal and neoplastic B cells. The unique 
specificity of the anti-HMl^4 MoAb for lymphoplasmacy- 
toid end mature plasma cells niajces ihis rtageni especially 
useful to elucidate the pathogenesis of multiple mycloma- 
relaicd Immunoproliferative disorders and to neat patients 
with these presently Incurable diseases. 
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